Introduction
The first recognition that fetal growth rate and length of gestation exert separable influences on birthweight came from studies conducted some 40 years ago in Colorado. These separable influences have been used to predict infant mortality risk2 and understand the ways in which maternal, paternal, and environmental characteristics affect birthweight and infant mortality. [3] [4] [5] Several studies have confirmed the growth-retarding effects of residence at high altitude.5-9 However, past research has concentrated on the effect of single characteristics on birthweight. The extent to which altitude acts independently and additively, as opposed to interactively, with other influences on birthweight is unknown. To address this question, we collected an altitude-stratified sample of birth records across the full range of altitudes present in Colorado (3000 to 11 000 ft or 970 to 3550 m). We considered that such studies would be of interest to the 38 million high-altitude residents worldwide and 37 million highaltitude visitors annually as well as for understanding the birthweight reduction observed under other conditions such as maternal smoking, circulatory diseases, or hypertensive complications of pregnancy.
dures described by the National Center for Health Statistics.'0 Births were classified by county of maternal residence. US Geological Survey quadrangle topographic maps (10-to 50-m contour intervals) were superimposed on 1990 US census area boundaries. Elevations were averaged within census areas and weighted by population size to compute the average altitude of residence for each county. Colorado's 63 counties were grouped into the following intervals: 3000 to 5000 ft (915 to 1524 m; 17 counties); 5000 to 7000 ft (1525 to 2133 m; 21 counties); 7000 to 9000 ft (2134 to 2743 m; 20 counties); and 9000 to 11 000 ft (2744 to 3350 m; 5 counties).
Variables were classified as maternal (preexisting were tested for interaction with altitude by the inclusion of interaction terms. Multiple births were excluded from final regression analyses. Data are reported as the mean plus or minus standard error of the mean, and comparisons were considered significant when P was less than .05.
Results

Parental and Infant Characteristics
At the highest altitudes compared with the other altitudes, parents were slightly older, more frequently nonHispanic White, and more likely to be married, and more women were nulliparous, were employed, and did not smoke (Table 1) . At each altitude, those who smoked consumed an average of half a pack per day. The number of prenatal visits was higher at 5000 to 7000 ft (1525 to 2133 m) than in the other regions, probably as the result of the greater concentration of health care facilities in the Denver metropolitan region. Pregnancy-associated hypertension was 2.5 times more common at the highest than at the lowest altitude (Table 1) .
Birthweight declined (Figure 1 ) and the percentage of low-birthweight infants rose 54% from the lowest to the highest elevations in the state (Table 1) . At the lower altitudes, the percentage of lowbirthweight infants was equivalent to the 1990 US average of 7%.14 There was no difference in preterm deliveries, but gestational age decreased by 0.5 week at the highest elevations.
Birthweight Relationships
Among all the parental and infant characteristics, 17 were associated with birthweight (Table 2) . Of these, 5 were more common at the highest altitude but only 2 (nulliparity and premature rupture of membranes) were associated with a reduction in birthweight at that elevation. The magnitude of their effects on birthweight was small; if nulliparity and premature rupture of membranes were equally common at high and low altitude, birthweight at high altitude would be expected to increase by 8 g and 6 g, respectively. Pregnancy-associated hypertension reduced birthweight at each altitude, but the reduction was similar at all altitudes and birthweight declined at high altitude even among women with normal blood pressure (Figure 1) .
Stepwise We conclude that high altitude acts independently, not interactively, with other risk factors to reduce birthweight. Other risk factors appear to influence birthweight at high altitude in much the same way as at other altitudes. While pregnancyassociated hypertension was more common at higher altitudes, it could not account for the reduction in birthweight at high altitude. Given that the effect of high altitude is added to that of other factors serving to reduce birthweight and given the importance of pregnancy-associated hypertension as a leading cause of maternal and fetal mortality and morbidity,2' it is especially important to recognize and treat pregnancy-associated hypertension and minimize other risk factors at high altitude. LO
